Introduction
Randomised controlled trials (RCTs) have demonstrated that HPVbased cervical cancer screening offers higher protection against cervical precancer and cancer compared to cytology-based screening [1, 2] . An additional advantage of screening using HPV assays is that the test can be performed on a self-sample collected by the woman herself. Recent systematic reviews have shown that an HPV test on a vaginal selfsample is as accurate to detect cervical intra-epithelial neoplasia of grade 2 or worse (CIN2+) as an HPV test applied on a clinician-taken cervical sample, if a clinically validated PCR-based assay is used [3, 4] .
A particular interesting property of self-sampling is that it can be used as a strategy to reach women who do not participate in regular screening programmes [5] [6] [7] [8] [9] [10] [11] [12] . Taking a vaginal self-sample is an attractive alternative method to obtain a specimen for cervical cancer screening, both for non-attending women as well as for women who do participate in preventive programmes [13, 14] . A systematic review of RCTs revealed that sending a self-sampling kit to women who were not or irregularly screened was more effective in generating a response than sending routine invitations or reminders to have a Pap smear taken by a clinician [12] . However, the gain in response is highly variable among studies and settings. Therefore, no universal recommendations can be formulated. Local pilot studies should be set up to identify a format of intervention that generates satisfactory results before the general rollout of strategies that include offering self-sampling kits.
This study reports the participation rates of a randomised controlled trial conducted in a general practitioner (GP) practice in Belgium. The current screening policy in Belgium is 3-yearly screening using Pap smears taken by a GP or gynaecologist. However, differences exist regarding the organisation of screening between the three Belgian Regions (Flemish, Brussels-Capital and Walloon region). Since 2013 there is an organized programme targeting women between 25 and 64 years old in the Flemish region which includes sending routine invitations to women who do not have a Pap smear registered less than three years ago. In the Brussels-Capital and Walloon region screening is offered opportunistically, meaning that participation depends on the initiative of the woman herself or the clinician. In 2006, the 3-yearly screening coverage was around 60% in Belgium [15] .
With the current study we want to investigate how the non-participants (defined as women who do not have a Pap smear taken in the last three years) can be reached through the support of a GP. This was addressed by comparing the response of non-participants between two study arms: a) self-sampling arm where a self-sampling kit was directly offered by a GP and b) control arm where a GP gave a recommendation to have a Pap smear taken by a clinician (GP or gynaecologist). 
Study design
Women were recruited in a GP practice with five GPs in Schepdaal, a Flemish municipality located at the border of Brussels between November 2014 and April 2015. The study population comprised women between 25 and 64 years old who did not have a Pap smear taken in the last three years at the day of her consultation. Every day during the study period, the first fifteen eligible women (three women per GP) who came to a consultationfor whatever reasonwere informed about the study and asked whether they wanted to participate. If they gave their consent, they were allocated according to a computer generated randomisation list in a 1:1 ratio without blinding to one of the two study arms. The study obtained ethical approval from the medical ethics committee of the University Hospital of Antwerp on September 1, 2014.
Self-sampling arm
In the experimental arm, women were given a self-sampling kit containing a Evalyn® Brush (Rovers Medical Devices, B.V., Oss, Netherlands) together with instructions on how to use it. Self-samples were taken at home and stored dry at room temperature [16] . Women could send the used self-sampling device to the laboratory with a prepaid envelope or they could bring it back to the GP practice where it was picked up by the courier service of the laboratory AML (Sonic Healthcare Benelux, Antwerp, Belgium). At AML, the samples were transferred into a vial with liquid PreservCyt medium (Hologic Inc., Bedford, MA, USA) and stored for other investigations (not reported in this study).
Control arm
In the control arm, women were encouraged by the GP to make an appointment to have a Pap smear taken by a GP of the practice or a gynaecologist of choice. Participation was defined as having a Pap smear taken before the end of the study period. Pap smears were collected with a Cervex-Brush® (Rovers Medical Devices, B.V., Oss, Netherlands) or with the combination of an extended tip spatula and an endo-cervical brush according to European guidelines [17] . Subsequently the scraped cervical cells were transferred into a vial with liquid PreservCyt medium and stored for other investigations (not reported in this study).
Statistics
The primary endpoint was participation in screening which was defined in the control arm as the proportion of women who had a Pap smear taken by a GP or gynaecologist and in the self-sampling arm as the proportion of women of which AML had received a self-sampling kit before April 1, 2015. The hypothesis to be addressed was that the difference in response between the self-sampling and control arm would be 30% with an expected response in the control arm of 50%, accepting a confidence interval (CI) of 95% and a power of 80%. The required sample size in each arm was 39, which was increased to 45 when taking into account possible dropout and loss of specimens.
Pearson's χ ² test was used to assess differences in participation between categorical variables (i.e. age category, level of education, time interval since last Pap smear, physician who took last Pap smear), if the expected counts for each cell of the 2 × 2 contingency tables were larger than or equal to five. Otherwise, Fisher's exact p test was used [18] . The relative participation rate (self/control) and absolute participation difference (self-control) together with their 95% CIs were computed with epitab in Stata. A logistic regression was performed with participation as outcome and study arm as predictor variable. The above mentioned covariates were included in the model as potential confounders. Crude and adjusted odds ratios (ORs), together with their 95% CIs, were calculated for participation in the self-sampling versus control arm.
All statistical analyses were performed using Stata version 14 (StataCorp LLC, College Station, TX, USA). The p-value for statistical significance was defined at ≤0.05.
Results

Descriptive statistics
Eighty-eight women (43 and 45 in the control and self-sampling arm, respectively) were enrolled in the study (Table 1 ). Most women (42%, 37/88) were between 55 and 64 years old, 28% (25/88) was between 45 and 54 years, 20% (18/88) was between 35 and 44 years old and 9% (8/88) was between 25 and 34 years. The distribution of highest reached level of education was 15% (13/88) for primary school, 41% (36/88) for secondary school and 44% (39/88) for higher education. For 82% (72/88) of women with known screening history their last Pap smear was taken four years ago or more, for 18% (16/88) the last pap smear was taken three years ago. The last Pap smear was taken in 57% (50/88) and 38% (33/88) of the women by a GP or gynaecologist, respectively.
Participation
The participation rate in the self-sampling arm was 78% (35/45) which was significantly different from the participation rate in the control arm 51% (22/43) ( = χ ² 6.83, p = 0.009). Women in the selfsampling arm were 1.52 times more likely (95% CI [1.09-2.12]) to participate than women in the control arm. The absolute participation difference was 27% (95% CI [7-46%] ). The crude OR for participation was 3.34 (95% CI [1.33-8.41], p-value = 0.010) and remained significant after adjusting for covariates (adjusted OR = 3.41, 95% CI [1.31-8.87], p-value = 0.012). None of the covariates played a significant role in the logistic regression. Fig. 1 shows that the participation rates were higher in the self-sampling arm (black boxes) than in the control arm (grey boxes) for all the study characteristics subgroups.
Table 1
Study characteristics of the women enrolled in the randomised trial comparing a routine recommendation from the GP to have a Pap smear taken by a physician (control arm) vs the offer of a self-sampling kit (self-sampling arm).
Study arm
Control arm (n = 43) However, this was only significant when women were between 55 and 64 years old ( = χ ² 4.42, p-value = 0.036), women obtained a degree in higher education ( = χ ² 7.80, p-value = 0.005), women's last Pap smear was taken four years ago or more ( = χ ² 5.09, p-value = 0.024) or a gynaecologist was the sample taker ( = χ ² 5.24, p-value = 0.022).
Discussion
Main findings
This small trial found a high response rate of 78% when GPs directly offered a self-sampling kit to women who were not screened since at least three years. This was substantially higher than observed in a recent meta-analysis which included large population-based participation trials where the efficacy of strategies including mailing of self-samplers to the woman's home address was compared with sending routine invitation or reminder letters [12] . The pooled response in the self-sampling arms of 21 trials was 19.2% (95% CI [15.7-23 .0%]) [12] . The participation difference in the Brussels trial was 27% which contrasts with the pooled participation difference of 7.3% (95% CI [4.1-10.6%]) in the mail-to-all scenario [12] . Nevertheless, a separate meta-analysis with four studies where the self-sampling device was directly offered to women by community health workers during door-to-door visits, showed a very high pooled participation rate of 94.2% (95% CI [80.2-100.0%]) and a similar participation rate of 53.3% (95% CI [10.2-93 .2%]) in the control arm [19] [20] [21] [22] . These latter findings and our results show that the involvement of community health workers or GPs, either through directly offering self-sampling kits or encouraging women to have a Pap smear taken, enhances response. However, the four studies from the meta-analysis were conducted in low-to-middle income countries with limited infrastructure, human resources and restricted access to cervical cancer screening [19, 21, 23, 24] . Therefore, in settings with an established cervical cancer screening programme, we suggest to further enlarge the role of the GP by encouraging patients to participate and providing them with necessary information on how to use the self-sampling kit.
Screening in Belgium
The role of the GP in cervical cancer screening is currently limited in Belgium as they perform only 11% of the Pap smears which varied also between the three regions (14-26% in Flemish region, 7-10% in Brussels-Capital and 2-5% in Walloon region) [15] . To assist GPs in this role, risk flags can be integrated in electronic patient records which can alert the GP when a patient has not been screened for more than three years [25] . Therefore, a linkage with the records from the Belgian Cancer Registry, that manages a comprehensive cervical cyto-histopathology registry from all laboratories for pathological anatomy enriched with health insurance data, through the national social security number is needed to collect screening data. Efforts are currently being undertaken to have such information directly available in the patient GP files through secure linkage with the Cancer Registry.
Limitations
In this study the role of covariates could not be assessed precisely because of the small sample size of the trial. The role of behavioural and demographic factors that might affect women's adherence to the screening programme, like their risk perception, the role of embarrassment, socioeconomic status and knowledge of HPV and screening should be addressed in a larger trial [26, 27] . Our trial did not include the offer of taking a Pap smear immediately by the GP in the control arm. Contrary to Northern Europe, in Belgium and also in several other countries of West, South and Central Europe, Pap smears are taken mainly by gynaecologists. GPs often consider secondary prevention of cervical cancer as a task of gynaecologists [15] . In Belgium, on average 11% of cervical specimen collected in 2006 were taken by GPs and this proportion varied from 14% in the Flemish region to 2% in the Walloon region [15] . If the control arm of our trial would have included sending invitation letters to the eligible women (who are consulting for any reason) to have a Pap smear taken immediately by the GP, uptake might have been low. Therefore, this action was not foreseen in the trial. Moreover, the control intervention was intended to reflect current routine practice. Another important issue that was not addressed in this study is the follow-up of women with a HPV-positive self-sample who also require an additional appointment to have a Pap smear taken for triage purposes. This might compromise the gain in response rate for the selfsampling arm. However, a recent meta-analysis showed that the adherence to follow-up in the self-sampling arm was 9% lower compared to the control arm, but it was not statistically significant [12] . The availability of triage methods like genotyping and methylation that are applicable on the self-sample itself would limit this problem.
Our findings must be interpreted with caution because the estimated effect in this study might be positively biased as it was not feasible to blind the patient. Patients were aware of the study arm assignment which might have led to a higher willingness to participate in the selfsampling arm [28] . The time interval since last Pap smear was obtained by anamnesis or from the patient file. Therefore, misclassification of the screening status could have occurred. More reliable information could be obtained from the Belgian Cancer Registry. However, at the time of the study, GPs did not have access to this source of information.
In addition, this trial took place in one particular location and therefore the general success of the intervention cannot be claimed for the whole region or country.
The accuracy of HPV testing on self-samples taken with particular self-collection devices as well as women's concerns, attitudes and preferences was beyond the scope of this study [29] . These aspects are currently being evaluated in the VALHUDES study [30] .
Conclusion
The results of this study support previous findings that underscreened women are more likely to participate in cervical cancer screening when they are offered self-sampling kits compared to a recommendation to have a Pap smear taken by a clinician. Moreover, the study shows that the response in both arms was positively enhanced through the direct involvement of the GP which differs from the current screening strategy in Belgium and many other high-income countries where women are reached through sending invitation letters. Larger trials are needed to verify whether the impressive findings of this small trial are reproducible at population scale.
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